Discs excised from Solanum tuberosum L. cv White Rose tubers demonstrated a 4.5-fold increase in chorismate mutase activity 48 hours after excision. Incubation in the presence of cycloheximide (25 micromolar Chorismic acid is located at the branchpoint between tryptophan biosynthesis on one hand, and phenylalanine and tyrosine biosynthesis on the other. CM is involved in the regulation of flux among the three aromatic amino acids. CM was reported to be present in multiple forms in a number of plant species (8, 9, 21, 22 Disc Incubation Conditions. Tubers were removed from cold storage 24 h prior to disc preparation and placed in the dark at room temperature. Tubers were sliced into 2 to 3 mm sections. Discs (approximately 1.2 gfw each) were excised from the center tissue with a number 15 cork borer and rinsed with distilled water followed by streptomycin sulfate (25 mg/L). Three discs were placed in sterile Petri dishes (10 x 1.5 cm) containing sterile Whatman No. 3 filter paper (7.0 cm diameter), 9 ml distilled water, and streptomycin sulfate (25 mg/L). Wound response inhibition studies were performed essentially as described above with the inclusion of either cycloheximide (25 ,um) or actinomycin D (100 ,um). The Petri dishes were covered with aluminum foil and placed in the dark at room temperature. Enzyme activities were monitored 12 h and every 24 h after excision for 10 d. Studies of light activation were performed by incubating discs under white fluorescent lights (156 uE m-2 s-1), with assays being performed every 8 h after excision for 48 h.
yielded only one peak of chorismate mutase activity, activated by tryptophan in each case. Incubation under white light had no effect on chorismate mutase activity when compared to dark controls.
Phenyalanine occupies a key biochemical interface between primary and secondary metabolism. Deamination by PAL2 is an irreversible step that commits phenylalanine to the phenylpropanoid pathway. PAL, therefore, has often been considered to play a critical role in the regulation of secondary metabolism. Margna (16) , however, has argued that phenylpropanoid metabolism in some plants may be controlled by the level of substrate supply. Unfortunately, little is known about the structure and regulation of the biosynthetic pathway of phenylalanine in higher plants. Only recently have the final steps in its biosynthesis been completely elucidated (13, 18) . A better understanding of the shikimate pathway is therefore necessary to fully comprehend the partitioning of phenylalanine into primary and secondary metabolism.
Chorismic acid is located at the branchpoint between tryptophan biosynthesis on one hand, and phenylalanine and tyrosine biosynthesis on the other. CM is involved in the regulation of flux among the three aromatic amino acids. CM was reported to be present in multiple forms in a number of plant species (8, 9, 21, 22) . Most commonly, there was a plastidial form which was activated by tryptophan and inhibited by phenylalanine and tyrosine (3, 10) . The second form, where demonstrated, was located in the cytosol and did not exhibit regulation by the aromatic amino acids (3, 10) .
A variety of higher plants have been identified in which secondary metabolism could be stimulated following PAL induction (11) . Zucker (24) and Lamb and Rubery (15) ,ul of enzyme in a final volume of 0.167 ml. Assays were performed either in the presence or absence of 0.1 mM tryptophan. After incubation for 10 min at 25°C, reactions were terminated by adding 0.1 ml of 2 N HCl. Acid conversion of prephenate to phenylpyruvate was complete after 10 min incubation at room temperature. Phenylpyruvate concentrations were determined Plant Physiol. Vol. 86, 1988 following the addition of 0.735 ml of 1.63 N NaOH. Absorbance was monitored at 320 nm (E = 17,500 M -cm-1). Control reaction vessels, in which enzyme was added after acid, were included in all assays. Enzyme activities were linear up to 12 min reaction times and up to 0.04 ml of enzyme. PAL was assayed as previously described by Zucker (24) .
Enzyme Purification. Discs (3 d old) were excised, incubated, and homogenized as described above. All of the following steps were carried out at 4°C. Crude Chemicals. Chorismic acid was prepared as previously described (21) . Gel filtration media were purchased from Pharmacia Inc. DE 52 was purchased from Whatman Ltd., England. Amicon Matrex Blue A was obtained from Amicon Corp., Lexington, MA. All other chemicals were purchased from Sigma.
RESULTS AND DISCUSSION
Freshly excised tuber discs contained CM activity levels of about 18 nmol/min/gfw. However, discs incubated for 48 h in the dark exhibited a 4.5-fold increase in CM activity (Figure 1) . Although the increase in activity correlated with that for PAL, CM activity was 10-fold greater than PAL activity at this time. CM remained at 90% of its maximum activity for 7 dafter wounding. Thereafter, CM levels slowly began to decline. This profile may be correlated with the production of polyphenolics during TRP ACTIVATION RATIO the suberization process following wounding of potato tubers (23) . In contrast, PAL exhibited a relatively sharp induction profile, with a rapid loss in activity by d 3. This was probably due to a PAL inactivating system which has been described in potato tubers (25) . Incubation in the presence of cycloheximide or actinomycin D resulted in no increase in CM activity suggesting de novo synthesis in response to wounding (Fig. 1) . To the best of our knowledge, this is the first report of chorismate mutase induction in higher plants.
Sacher et al. (20) reported increased activities in a variety of enzymes following wounding of potato tubers. However, only 3 of the 17 enzymes assayed demonstrated significant induction. These included PAL, ribonuclease, and shikimate dehydrogenase, the latter being the only shikimate pathway enzyme assayed. Shikimate dehydrogenase exhibited a 6.2-fold activation in discs incubated for 24 h in the dark. PAL was the only enzyme induced by light in this study. Amrhein and Zenk (1) also surveyed the effect light on shikimate dehydrogenase activity in a variety of plants. However, there were no changes in activities following light treatment. Although incubation of tuber discs under white light resulted in increased PAL activities, this treatment had no effect on CM activity (data not shown).
These results are not necessarily in conflict with the light induction of PAL since tubers may respond differently to wounding and light. It is possible that the primary wound response is increased protein synthesis. Following wounding, induction of shikimate dehydrogenase and chorismate mutase would increase the levels of phenylalanine and tyrosine. Alternatively, exposure to light, which presumably requires wounding, results in an increase in secondary metabolism due to the induction of PAL and subsequent enzymes.
Lamb and Rubery (15) reported significant increases in chlorogenic acid formation in tuber discs incubated in the light when compared to dark controls. However, incubation of discs in the dark in the presence of phenylalanine resulted in a seven-fold increase in chlorogenic acid accumulation compared to discs incubated in the absence of phenylalanine (15) . Although phenylalanine concentrations were very high in these experiments, these data suggested possible shikimate pathway regulation in response to wounding. Furthermore, Margna (16) has calculated the reported PAL activity in tuber dics in light culture to be 32 to 64 times greater than that required for chlorogenic acid synthesis. This suggested possible regulation (or additional regulation) prior to phenylalanine deamination.
In buckwheat hypocotyls, Amrhein and Zenk (1) reported no changes in the phenylalanine or tyrosine pools during PAL induction in the light. This suggested an increase in phenylalanine production in order to balance the loss of phenylalanine due to increased PAL activity.
Unfortunately, only a few other studies have addressed the possible role of the shikimic acid pathway in regulating the flow of phenylalanine into secondary metabolism. Shikimate dehydrogenase, and more recently DAHP synthase (5) are the only shikimate pathway enzymes to receive much attention in this context. This has been due in part to a lack of substrates as well as pathway ambiguity from prephenate to phenylalanine (12) . Phenylalanine biosynthesis was believed to occur via the a-keto acid pathway. However, prephenate dehydratase has never been reported from higher plants. The recent elucidation of the arogenate pathway indicates phenylalanine biosynthesis occurs by transamination of prephenate to arogenate followed by aromatization (13) . CM and DAHP synthase are perhaps more appropriate enzymes to study due to the isolation of isozymic forms and their positions in the shikimate pathway.
It is difficult to determine if the increase in CM activity is a critical regulatory response to wounding, particularly in light of the induction of many proteins following wounding (20 (Fig. 2) . Although yields were not 100%, a comparison of tryptophan activation ratios in crude and postcolumn samples indicated no preferential loss of tryptophan sensitive or tryptophan insensitive activities (Table I) . Further purification studies strongly supported the presence of a single, amino acid sensitive form of CM (14) . A native mol wt of 55,500 corresponded to values reported 1.0 for other regulated forms of CM (8, 9, 21 
